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Abstract

Background: Monoclonal gammopathies encompass a wide range of diseases characterized by the monoclonal
expansion of a B-cell clone. Despite emerging therapeutic strategies, chances of survival of patients who are affected
are still scarce, which implies that new tools are necessary not only for the diagnosis but also for the follow-up of
patients affected by such diseases. In this context, the use of free light chains (FLCs) has been incorporated into
many guidelines.
Likewise, tumor microenvironment is consistently gaining importance as role player in tumor pathogenesis.
Specifically, Syndecan-1 (CD138), a heparan-sulfate proteoglycan is attracting interests as it is highly expressed
and shed by myeloma plasma-cells.
The aim of our study was to analyze CD138 levels in the serum of patients affected by multiple myeloma or light
chain only disease, and to compare the values obtained with free light chain (FLC) kappa, lambda and FLC ratio
in both groups of patients.

Methods: 84 patients affected by Multiple Myeloma and Light Chain Myeloma were recruited for this study.
Serum CD138 was assessed by ELISA (Diaclone Research, France) and FLC values were quantified by nephelometry
(Freelite TM Human Kappa and Lambda Free Kits, The Binding Site, UK). Data was analyzed by GraphPad Prism software
and Statgraph.

Results: We observed higher CD138 mean values in myeloma patients compared to the light chain only myeloma
group. A positive linear regression of CD138 and FLC was observed in the light chain only cohort as opposed to
myeloma patients which show an inverse trend.

Conclusions: The study highlighted an existing relationship between FLCs and CD138 and wishes to seek also a
correlation in order to rapidly and efficiently perform diagnosis and different diagnostic schemes.
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Introduction
Monoclonal gammopathies encompass a wide range of
diseases, ranging from Monoclonal Gammopathies of
Uncertain Significance (MGUS) to other M-protein re-
lated disorders, thus representing an increasingly growing
global issue as they account for an elevated amount of
cancers affecting the elderly [1]. They are characterized by
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the presence of a Monoclonal Component (MC) produced
by a B-cell clone in expansion. The dysregulated B cell
clone proliferates and secretes either parts or intact immu-
noglobulins (Igs), identifiable in the patient’s serum as a
monoclonal Ig peak by electrophoresis (EF). Most mono-
clonal peaks imply MGUS, which affects approximately
3.5% of the population over 50 years of age with an
average risk of progression to Multiple Myeloma (MM)
or, to a lesser extent, to other lymphoproliferative dis-
orders of 1% per year [2-4]. As the elderly population is
increasing, novel therapies and strategies have greatly
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improved patient management. Yet, survival prognosis
remains poor, with a 5-year relative survival rate of 35–37%
in newly diagnosed MM patients [5-8].
Consequently, these diseases remain incurable. Despite

asymptomatic emergence, symptoms often intensify as
the disease evolves, substantially reducing health-related
quality of life [9-12]. Monoclonal gammopathies are
often diagnosed secondarily to other investigations,
usually by chance. As population screening is not contem-
plated, early diagnosis plays a major role in uncovering the
underlying disease before it evolves greater malignant
features, since MM is considered to be mostly sensitive
to treatment at diagnosis. Within this context, diagnostic,
monitoring and follow-up tools play a key role in guaran-
teeing an adequate support.
Recently, FLCs have been proposed and accepted as

novel diagnostic and follow-up tools by the global scientific
community, and their use has been incorporated in most
guidelines both at national and international levels [13-20].
Nevertheless, the assays are still lacking an internationally
validated standard, which implies that results are often
discrepant [21,22]. Commercially available FLC assays
represent a major improvement in monoclonal gammo-
pathy detection and monitoring. However, some critical
aspects of both assays still require amelioration, mainly
due to the intrinsic characteristics of FLCs and their el-
evated variability. These, as well as other issues, such as
the elevated ability of FLCs to form dimers, tetramers
and other conformations, cause underestimation from
nonlinear reactions as well as overestimation, possibly
due to a lack of parallelism between antigen and antibody,
as well as to an unknown antigen excess effect [23-26].
It is therefore increasingly important to seek markers

that are indicative of initial malignant proliferation, in
order to achieve differential diagnosis and optimal thera-
peutic indications in the quickest possible manner. In
this light, tumor microenvironment (as well as the role
of exosomes in creating a cancer-fostering niche) has re-
cently led to new strategies and opened up new thera-
peutic scenarios [27].
Of particular interest is the interplay between CD138

and its role in tumor biogenesis. CD138 is a cell surface
transmembrane heparan sulfate proteoglycan expressed
by a variety of cell types. Intact CD138 behaves as cell
signaling mediator at different levels involving different
parts of the molecule [28]. Cell surface CD138 is proc-
essed by a specific heparanase endo-β-D-glucuronidase
consequently releasing the extracellular, bioactive portion
(ectodomain) of the molecule [29]. Normally, CD138 is
constitutively shed at low levels by cells, although the
process is accelerated under specific circumstances and
stimuli, as well as in malignant contexts [30-32]. Elevated
levels of this proteoglycan have been reported in lung can-
cer, Hodgkin’s Lymphoma as well as in MM [33-35].
Results from in vitro and in vivo studies suggest a role
of soluble CD138 in promoting tumor growth as well as
tumor cell dissemination. For this reason, the CD138/
heparanase axis is consistently gaining attention as
therapeutic target due to its importance in driving can-
cer and in determining tumor aggressiveness [36,37].
Myeloma cells in the bone marrow, as well as circulating
plasma cells, specifically express high levels of CD138,
thus making them the main source of soluble CD138 in
the context of this disease [38,39]. Shed CD138 may
remain soluble or it may accumulate in the extracellular
matrix [40]. Once shed, CD138 exerts its effects possibly
by fostering the tumor microenvironment by inducing
activation of signaling molecules [41,42]. A limited yet
consistent body of literature reports that serum levels of
CD138 in myeloma patients may be considered an inde-
pendent predictor of poor prognosis for patients [43]
and a reliable prognostic factor at different phases of the
disease [44,45]. In addition, CD138 shedding is also
chemotherapy-induced and a drug-induced relapse of
FLCs has also been observed [46-48]. Moreover, the
same studies reported a notable extramedullary effect of
FLCs following therapy administered to myeloma pa-
tients, pointing to an effect of therapies on tumor
microenvironment. It is therefore of uttermost importance
to consider CD138 interaction with the tumor microenvir-
onment and its effects on the disease prior to drug admin-
istration in myeloma patients.
The aim of our study was therefore to analyze CD138

levels in the serum of patients affected by Intact Immuno-
globulin Multiple Myeloma or Light Chain Multiple Mye-
loma and to compare the values obtained with serum FLC
kappa (κ) or lambda (λ) chains involved in both groups of
myeloma patients. This was done in order to evaluate the
clinical utility of serum levels of CD138 in the differential
diagnosis of monoclonal gammopathies as a parallel bio-
marker to be used in association with the FLC assay, espe-
cially in the light of therapy administration and monitoring
relapsing effects.

Materials and methods
Patients
At the time of the present study, 84 patients (40 women,
44 men, mean age = 63,4 yrs, ±11.6 yrs) affected by MM
and light chain disease were available for analysis and
were recruited in our center at the National Cancer
Institute “Regina Elena” of Rome from 2010 to 2013.
Inclusion criteria were: presence of monoclonal peak by
EF, confirmed by serum immunofixation electrophoresis
(sIFE) as well as urine immunofixation (uIF). Exclusion
criteria included: presence of renal failure, presence of
inflammatory diseases or infections. All subjects were
enrolled in the study during clinical check-ups per-
formed in our center.



Table 2 Distribution of clonality within the Intact
Immunoglobulin Multiple Myeloma cohort

Intact Immunoglobulin MM Clonality Number of Individuals

IgG 31

IgA 2

IgM 11

IgD 1

Biclonal 5

Total 50
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The nature of the study was explained to both groups
enrolled. Blood samples were collected once patients
provided their informed consent (in accordance with the
Principles of the Declaration of Helsinki, 6th revision of
Edinburgh, 2000). An aliquot was retained to be tested
for CD138 and all assays were performed in the labora-
tory premises of the Catholic University “A. Gemelli” of
Rome. Patients were then grouped according to the
myeloma type and serum samples were obtained and re-
corded upon performing check-ups, just before therapy.
Patients were then stratified into subgroups, according
to disease type and according to the type of MC at the
time of the first evaluation (either Intact Immunoglobulin
Multiple Myeloma with kappa or lambda light chains or
only Light Chain Multiple Myeloma with either kappa
or lambda light chains, according to the International
Myeloma Working Group Guidelines). Components
were determined by means of serum protein EF, sIF and
uIF. Bone marrow fine needle aspirates were performed
and the diagnosis was assessed according to International
Myeloma Working Group Guidelines. Patient characteris-
tics are reported in Tables 1 and 2.
Control samples were obtained from 40 healthy age-

matched and sex-matched individuals (blood donors).
All controls were previously tested for the presence of
MC by sEF and by both sIFE and uIF (Sebia, France). In-
clusion criteria were: absence of monoclonal peak by EF
and bands on IFE, as well as normal levels of C-Reactive
Protein (CRP). FLC determination on control samples
was omitted, as there would be no light chain involved,
and FLC ratios would fall within normal ranges.

Quantification of CD138s and FLCs
CD138s quantification assay
All samples were assayed at the same time for CD138
and sFLC. Serum CD138 levels were determined using
ELISA kits specific for human CD138 (Diaclone Re-
search, France). The assay was performed according to
the manufacturer’s instructions, as follows: 100 ml of
serum were added to pre-coated wells and incubated
with anti-CD138 biotinylated antibody. The wells were
washed and horseradish peroxidase–streptavidin conju-
gate was added. After washing, the substrate was added,
the reaction was stopped and the absorbance was read at
450 nm. Serum concentrations of CD138 were expressed
Table 1 Characteristics of the two groups of pathological
patients

Light Chain
MM

Intact Immunoglobulin
MM

Total Mean
Age

Females 16 24 40 63 ± 12

Males 18 26 44 62 ± 10

Total 34 50 84 63 ± 11

Age is reported as Mean ± standard deviation.
as ng/mL. CD138 levels were measured at least twice for
each patient, with reproducible results. The assay was
performed on the SKYLAB (DASIT, Italy) automatic
system.

FLCs evaluation
Serum FLCs were assessed by means of Turbidimetric
assay (Freelite TM Human Kappa and Lambda Free Kits,
The Binding Site, UK) and performed on the SPAplus
instrument (The Binding Site, UK). Samples were tested
according to the manufacturer’s instructions and serum
dilutions, where necessary, were performed according to
the manufacturer’s recommendations.

Statistical analysis
Collected data sets were reported on Microsoft Excel™
worksheets (Microsoft, Redmond, WA, USA) and analyzed
by Prism GraphPad (La Giolla, CA, USA) and Statgraph.
Graphical interpretation of value distribution was

achieved by plotting Box-and-Whisker plots (in order to
show data distribution of the two pathological cohorts of
patients). Global data distribution was shown by plotting
scatter graphs of the three groups analyzed. Statistical
data analysis was performed using Student’s t-test.
Analysis of linear correlations was performed by

means of Pearson’s correlation, in order to assess the
degree of association of the two variables. Correlation
coefficients are reported in Figure 1. ROC curves (Re-
ceiver Operating Characteristic or Relative Operating
Characteristic curves) were generated by plotting data
(CD138 values of patients against CD138 values of
healthy donors) on GraphPad and the resulting infor-
mation was then re-plotted on Excel (Figure 2). Data
from serum CD138 concentrations in healthy subjects
were plotted against values derived from the two
groups of patients to give estimates of true positive
values (sensitivity) and the proportion of false negatives
(specificity). Plotted values are represented as a curve, and
the Area Under the Curve (AUC) is indicative of diagnos-
tic accuracy. An AUC= 1 (100%) denotes full accuracy of
the test. In this way, it is possible to discriminate normal
from abnormal values, which give an estimate of a cut-off
value for a specific test in a particular setting. Usually, an



Figure 1 Scatter graph and correlations (R) of serum CD138 concentrations versus Serum Free Light Chain Kappa or Lambda concentrations in
Intact Immunoglobulin Multiple Myeloma and Light Chain Myeloma Patients. R values were calculated by Pearson’s correlation.
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AUC= 80% is considered as optimal value. Results were
deemed statistically significant for P < 0.05.

Results
Samples from the first clinical evaluations were considered:
serum from routine blood tests at initial diagnosis was used
for CD138 and FLC quantifications.
The distribution of serum CD138 concentrations is

depicted in Figure 3a. and b. Box-Plot analysis of data
reveals two different distributions of sCD138 concentra-
tion values among the two pathological groups. Similarly,
a statistically significant difference was observed between
CD138 concentrations of both groups, as depicted in
Figure 3b. As expected, we observed higher serum
CD138 concentrations in the Intact Immunoglobulin
Multiple Myeloma subset of patients compared to Light
Chain Multiple Myeloma patients: mean CD138 values
in Intact Immunoglobulin Multiple Myeloma patients
was 90.7 ng/mL, whereas 40.2 ng/mL in Light Chain
Multiple Myeloma patients (P =0.012). By contrast,
control samples mean CD138 concentration was 15.0 ±
9.0 ng/mL (range = 1-29 ng/mL). Increased sCD138 values
observed within both cohorts of myeloma patients (as op-
posed to the control group) are in line with reports from
other studies [43-45].
Light Chain Multiple Myeloma patients show positive

linear correlation coefficients for sCD138 and involved
FLC, as opposed to Intact Immunoglobulin Multiple
Myeloma patients, in which sCD138 levels show a de-
creasing trend when compared to involved FLCs (Figure 1).
Not surprisingly, ROC curves performed for each sub-
group of patients versus sCD138 quantification in controls
were highly significant (P < 0.001). Extrapolated data from
ROC analysis plotted on graphs show that specificity and
sensitivity plots intercept at exactly 75%, for a correspond-
ing sCD138 value of 21.50 ng/mL. 100% sensitivity is first
seen for sCD138 values of 29.50 ng/mL, whereas 100%
specificity corresponds to sCD138 values of 1.5 ng/mL.
On the other hand, Light Chain Multiple Myeloma spe-
cificity and sensitivity plots intercept at sensitivity =
67.5 with a corresponding sCD138 value of 20.5 ng/mL,
and at specificity = 70.59%, which corresponds to sCD138
values of 20.50 ng/mL. 100% sensitivity is seen at sCD138
values = 30.00 ng/mL and specificity at sCD138 values =
9.00 ng/mL. Intact Immunoglobulin Multiple Myeloma
show 95% specificity for sCD138 values = 15.50 ng/mL,
whereas Light Chain Multiple Myeloma 95% specificity is
represented by sCD138 values = 10.00 ng/mL.

Discussion
Our results suggest a possible role of sCD138 as a prog-
nostic marker to be implemented for further use in the
context of monoclonal gammopathies, and in particular
for what concerns MM. A good prognostic system in
MM should ideally form the basis upon which the best
treatment can be selected. It should therefore only include



Figure 2 ROC curves depicting percentage Specificity and Sensitivity of serum CD138 concentration values in Intact Immunoglobulin Multiple
Myeloma versus serum CD138 concentration values in controls, as well as serum CD138 concentration values in Light Chain Multiple Myeloma
versus serum CD138 concentration values in controls.
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variables containing independent prognostic information.
In order to be useful within clinical practice, these should
be available at diagnosis and be measured with simple re-
producible techniques. A number of prognostic factors
reflecting various aspects of the disease have been identi-
fied in myeloma, relating to either the intrinsic malignancy
of the tumor, host-tumor interactions, renal function,
or tumor mass. Of these, FLCs concentration is
regarded as one of the most powerful prognostic fac-
tors. In our study, we show that sCD138 provides sub-
stantial prognostic value in a correlation model with
FLCs, considered as valuable prognostic markers. Our
findings uncover an existing relationship between the
FLCs involved and CD138 shedding, and the different
trends in relation to each other.
As depicted in Figure 1, two different correlations

characterize each group of patients when considering
sCD138 against the involved FLCs. Light Chain Mul-
tiple Myeloma shows increasing amounts of sCD138
proportionally to a corresponding increase of serum
FLCs. On the contrary, serum of Intact Immunoglobulin
Multiple Myeloma patients shows correspondently lower
levels of CD138 compared to involved FLCs concentration
increase. A stronger trend was generally observed for corre-
lations of FLCs and sCD138 in Light Chain Multiple Mye-
loma (R к/CD138 = 0.47and R λ/CD138 = 0.58) whereas this
was not so evident in the Intact Immunoglobulin Light
Chain Myeloma cohort (R к/CD138 = 0.46 and R λ/CD138 =
0.33). One possible explanation could be due to the
elevated variability of the FLC test, due to the intrinsic
properties of the light chains themselves. This is par-
ticularly true for lambda chains, which are more sus-
ceptible to assay variability due to their properties and
structure. In fact, lambda chains are incline to
polymerization and all commercially available assays
show variability in their detection. Thus, the disper-
sion of values may reflect the intrinsic characteristics
of the FLC.



Figure 3 Distributions of CD138 concentrations a.) Box and Whisker plot depicting the distribution of CD138 serum concentrations in Intact
Immunoglobulin Multiple Myeloma Patients and Light Chain Multiple Myeloma patients. Data in the graph depict the following values: *Intact
Immunoglobulin Multiple Myeloma (Median = 30.5). **Light Chain Multiple Myeloma (Mean = 24.5). b.) Scatter plot depicting CD138 concentrations
among the two groups of patients compared to healthy controls. (Intact Immunoglobulin Multiple Myeloma vs Light Chain Multiple Myeloma
P = 0.012; Intact Immunoglobulin Multiple Myeloma vs Controls P < 0.0001; Light Chain Multiple Myeloma vs Controls P = 0.006). Data in the
graph depict the following values: *Intact Immunoglobulin Multiple Myeloma (Mean = 90.73, SEM = 15.63, SD = 103.80). **Light Chain
Multiple Myeloma (Mean = 40.21, SEM = 9.47, SD = 55.22). ***Controls (Mean = 15, SEM = 1.43, SD = 9.02). (P values were calculated by
Student’s Unpaired t-test).
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Specificity and sensitivity of sCD138 was tested in
order to determine test accuracy, as well as to have an
estimate of the cut-off values for this test. Specificity and
sensitivity of sCD138 in both types of myeloma were
evaluated in order to assess normal and abnormal
values. Specificity at 95% show that sCD138 measure-
ment is capable of detecting Intact Immunoglobulin
Multiple Myeloma for values of sCD138 > 15.5 ng/mL
(Figure 4, Intact Immunoglobulin Multiple Myeloma,
red line plot), whereas Light Chain Multiple Myeloma
are readily detected with a 95% specificity for values of
sCD138 > 10.00 ng/mL (Figure 4, Light Chain Multiple
Myeloma, yellow line plot). These results are possibly
indicative of a differential role played by CD138 shed-
ding and FLCs release in the two pathologies, which
could be exploited as diagnostic marker in order to
achieve a faster and more efficient result. As CD138
shedding has already been signaled as good prognostic
factor in this context [43-45], it is plausible that further
studies may be able to elaborate algorithms by merging
FLC analysis and shed CD138 which may significantly
improve diagnosis, as well as follow-up and patient
monitoring.
As observed in our study, CD138 shedding varies dif-

ferently according to FLCs released by myeloma cells.
Similarly, myeloma B-cell clones produce a conspicuous
amount of immunoglobulins, which is accompanied by
an altered secretion of FLC as well as by an equivalent
variation of the normal κ/λ ratio, that is at the core of
the FLC quantification assay. Serum FLCs assays rely on
the assumptions that serum concentrations of an unbal-
anced production of FLC in a monoclonal gammopathy
setting yields an altered FLC κ/λ ratio. This is considered
to be a diagnostic aid, especially in those cases in which
the MC is not of great entity. Nevertheless, immuno-
globulin light chains must exit cells in order to circulate
freely: in this context, it is of great interest to consider
the role of CD138 involved in exosome biogenesis, as
these cargo containing vesicles seem to promote cancer
development as well as other pathological conditions
[49]. In light of these findings, it may be appealing to
speculate that the expression and shedding of CD138 as



Figure 4 Data from ROC curve analysis vs CD138 concentrations in Intact Immunoglobulin Multiple Myeloma or Light Chain Multiple Myeloma.
CD138 concentrations corresponding to 95% discrimination specificity of the test are reported within each graph. The black line indicates the
CD138 value corresponding to 95% specificity.
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well as FLC release into serum may be intertwined. Fur-
thermore, their quantification in myeloma patients may not
only be of diagnostic aid, but may also guide towards a
more appropriate therapeutic approach while considering
the physio-pathological effects of both molecules [50,51].
Indeed, MM is characterized by a profoundly altered

equilibrium of factors involved in cell-cell and cell-matrix
interactions, which fosters tumor growth and lytic bone
lesions [52]. Similarly, exosome biogenesis is significantly
up-regulated and exosome protein composition is also
particularly altered within this context [51]. Moreover, as
CD138 seems to be involved in membrane dynamics and
exosome biogenesis, it is of particular interest to explore
the matter in view a significant increase in microvesicle
production observed in MM and Amyloidosis affected
patients. In addition, the same study reported are routing
process of FLCs via microvesicles and exosomes [53]. In
fact, these structures are often laden with cargo (miRNA,
mRNA, lipids, proteins) possibly represented by tumor-
specific molecules [54]. Several studies have pointed to
the importance of the effects of commonly used
chemotherapy drugs on CD138 shedding [54] as well as
a notable rebound effect of the drugs on FLC production
in these diseases [46; 47]. Therefore, the simultaneous
quantification of these two markers may prove a precious
diagnostic aid and suggest the best therapeutic choice in a
patient-centric manner. Furthermore, as sCD138 itself is
not as variable as FLCs, the quantification of this molecule
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could represent a valuable tool to be used alongside with
FLCs quantification during follow-up and monitoring
of myeloma affected subjects undergoing treatments.
This could be done in order to investigate how different
types of myeloma may respond to therapies by shedding
a potential tumor-fostering molecule, thereby limiting
beneficial effects of the drugs. Besides, since both com-
mercially available assays for FLCs quantification are
still lacking standardization and have yet to solve critical
issues due to the enormous intrinsic variability of FLC
molecules themselves (which make them a very unstable
and cumbersome analyte to quantify) it is appealing to
consider implementing FLCs quantification with this
marker as test adjuvant during diagnosis, follow-up and
monitoring of monoclonal gammopathies. Cleaved,
sCD138 is in fact less prone to individual variability as
opposed to FLCs, and this may greatly simplify the de-
tection of this molecule, thus rendering it a more stable
marker to be used alongside standard testing. As it is of
vital importance not to miss out any diagnosis [55],
these two tests could, in the near future, be used as
complementary tools in assisting patient management,
particularly in the context of monoclonal gammopathies.
Conclusion
Our study, albeit preliminary, seeks a correlation be-
tween FLCs and soluble CD138. This would enable to
perform diagnosis rapidly and efficiently, especially in
those cases in which the MC is hardly detectable, but
also in consideration of performing different diagnostic
schemes. As it was shown that commonly used chemo-
therapy drugs cause CD138 shedding and that relapse
may often be aggressive and lead to death, it is important
to consider the effects of this molecule. Shed CD138 offers
the advantage of a greater inter-individual antigenic stabil-
ity, as opposed to FLCs which are highly variable and sus-
ceptible to major modifications. It is therefore of absolute
importance, in light of these results, to continue the study
of sCD138 in the context of MGUS patients and to follow
fluctuations of both FLCs and sCD138 in time, so as to
detect the switching point to malignant evolution. Further
studies are needed in order to clarify the clinical utility of
these molecules as markers, and how they may be used
not only for an initial diagnosis but also for differential
diagnosis. Moreover, future perspectives are aimed at
evaluating a possible role for the two analyzed molecules
in precocious disease discrimination before progression.
The different trends observed between the two molecules
may, in the near future, lead to important discriminatory
information regarding what type of MGUS is affecting the
patient but also concerning the evolution of the disease.
Likewise, studies concerning effects of therapy on tumor
microenvironment and on the CD138/heparanase axis are
greatly required in this context, in order to assess benefi-
cial effects of administered drugs.
To conclude, our study highlights the importance of

these molecules and the necessity of pursuing further
studies in order to define the exact role and interplay be-
tween sCD138, exosome cargo and the effects on FLCs in
myeloma, which may reveal to be a key diagnostic marker.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
UB conceived the study and approved the final version of the manuscript.
GC contributed to the study design, developed instrument data collection,
samples research as well as to the critical revision of the paper. ET, LC and
MTD’A contributed to database analysis as well as performing statistical
analysis and interpretation of data sets, along with article elaboration. EDS
and FG performed samples analysis and contributed to the study design. ET,
LC and MTD’A contributed to article reviewing process as well as statistical
analysis and database elaboration. FP and LC contributed to the study
design as well as to a critical evaluation of the paper. All authors read and
approved the final manuscript.

Funding source
This study received no external funding.

Author details
1Department of Prevention and Diagnostic Oncology, Laboratory of Clinical
Pathology –National Cancer Institute “Regina Elena”, Rome, Italy.
2Department of Laboratory Medicine, School of Medicine, Catholic University
of the Sacred Heart, Largo A. Gemelli 8, Rome ZIP CODE: 00168, Italy. 3School
of Medicine - Institute of Internal Medicine, Catholic University of the Sacred
Heart, Rome, Italy. 4Hematology and Transplantation, Italian National Cancer
Institute “Regina Elena”, Rome, Italy.

Received: 9 December 2014 Accepted: 7 April 2015

References
1. Rajkumar SV. Multiple myeloma: 2014 Update on diagnosis, risk-stratification,

and management. Am J Hematol. 2014;89(10):999–1009.
2. Dispenzieri A, Katzmann JA, Kyle RA, Larson DR, Melton LJ, Colby CL, et al.

Prevalence and risk of progression of light-chain monoclonal gammopathy
of undetermined significance: a retrospective population-based cohort
study. Lancet. 2010;375(9727):1721–8.

3. Eisele L, Dürig J, Hüttmann A, Dührsen U, Assert R, Bokhof B, et al.
Prevalence and progression of monoclonal gammopathy of
undetermined significance and light-chain MGUS in Germany. Ann
Hematol. 2012;91(2):243–8.

4. Kyle RA, Therneau TM, Rajkumar SV, Larson DR, Plevak MF, Offord JR, et al.
Prevalence of monoclonal gammopathy of undetermined significance. N
Engl J Med. 2006;354(13):1362–9.

5. Brenner H, Gondos A, Pulte D. Recent major improvement in long-term survival
of younger patients with multiple myeloma. Blood. 2008;111(5):2521–6.

6. Kristinsson SY, Landgren O, Dickman PW, Derolf AR, Björkholm M. Patterns
of survival in multiple myeloma: a population-based study of patients diagnosed
in Sweden from 1973 to 2003. J Clin Oncol. 2007;25(15):1993–9.

7. Verelst SGR, Blommestein HM, Karim-Kos HE, Huijgens PC, Sonneveld P.
Trends in incidence and survival of multiple myeloma in the Netherlands in
the last wo decades. Results from a national population based study. In:
Proceedings of the 53rd Annual Meeting of the American Society of
Hematology (ASH). San Diego, CA: USA Blood; 2011.

8. Verelst S, Karim-Kos H, Blommestein H, Sonneveld P. Are we making progress?
Survival in plasma cell malignancies in the era of novel treatments a population
based study of 17.790 patients in The Netherlands. Proceedings of the 17th
Congress of the European Hematology Association (EHA), Amsterdam, The
Netherlands. Haematologica 2012. 97:242.



Cigliana et al. Journal of Experimental & Clinical Cancer Research  (2015) 34:37 Page 9 of 10
9. Johnsen AT, Tholstrup D, Petersen MA, Pedersen L, Groenvold M. Health
related quality of life in a nationally representative sample of
haematological patients. Eur J Haematol. 2009;83(2):139–48.

10. Sonmez M, Akagun T, Topbas M, Cobanoglu U, Sonmez B, Yilmaz M, et al.
Effect of pathologic fractures on survival in multiple myeloma patients: a
case control study. J Exp Clin Cancer Res. 2008;27:11.

11. Terpos E, Berenson J, Cook RJ, Lipton A, Coleman RE. Prognostic variables
for survival and skeletal complications in patients with multiple myeloma
osteolytic bone disease. Leukemia. 2010;24(5):1043–9.

12. Palumbo A, Anderson K. Multiple myeloma. N Engl J Med. 2011;364:1046–60.
13. Anderson KC, Alsina M, Bensinger W, Biermann JS, Chanan-Khan A, Cohen AD,

et al. National Comprehensive Cancer Network. NCCN clinical practice
guidelines in oncology: multiple myeloma. J Natl Compr Canc Netw.
2009;7(9):908–42.

14. Bahlis NJ. Darwinian evolution and tiding clones in multiple myeloma.
Blood. 2012;120(5):927–8.

15. Bird J, Behrens J, Westin J, Turesson I, Drayson M, Beetham R, et al.
Haemato-oncology Task Force of the British Committee for Standards in
Haematology, UK Myeloma Forum and Nordic Myeloma Study Group. UK
Myeloma Forum (UKMF) and Nordic Myeloma Study Group (NMSG):
guidelines for the investigation of newly detected M-proteins and the
management of monoclonal gammopathy of undetermined significance
(MGUS). Br J Haematol. 2009;147(1):22–42.

16. Guidelines Working Group of UK Myeloma Forum; British Commitee for
Standards in Haematology, British Society for Haematology. Guidelines
on the diagnosis and management of AL amyloidosis. Br J Haematol.
2004;125(6):681–700.

17. Bird JM, Owen RG, D'Sa S, Snowden JA, Pratt G, Ashcroft J, et al.
Haemato-oncology Task Force of British Committee for Standards in
Haematology (BCSH) and UK Myeloma Forum. Guidelines for the diagnosis and
management of multiple myeloma 2011. Br J Haematol. 2011;154(1):32–75.

18. Dimopoulos M, Kyle R, Fermand JP, Rajkumar SV, San Miguel J, Chanan-Khan A,
et al. International Myeloma Workshop Consensus Panel 3. Consensus
recommendations for standard investigative workup: report of the International
Myeloma Workshop Consensus Panel 3. Blood. 2011;117(18):4701–5.

19. Dispenzieri A, Kyle R, Merlini G, Miguel JS, Ludwig H, Hajek R, et al.
International Myeloma Working Group. International Myeloma Working
Group guidelines for serum-free light chain analysis in multiple myeloma
and related disorders. Leukemia. 2009;23:215–24.

20. Ludwig H, Miguel JS, Dimopoulos MA, Palumbo A, Garcia Sanz R, Powles R,
et al. International Myeloma Working Group recommendations for global
myeloma care. Leukemia. 2014;28(5):981–92.

21. Lock RJ, Saleem R, Roberts EG, Wallage MJ, Pesce TJ, Rowbottom A, et al. A
multicentre study comparing two methods for serum free light chain
analysis. Ann Clin Biochem. 2013;50(Pt 3):255–61.

22. Hoedemakers RM, Pruijt JF, Hol S, Teunissen E, Martens H, Stam P, et al.
Clinical comparison of new monoclonal antibody-based nephelometric
assays for free light chain kappa and lambda to polyclonal antibody-based
assays and immunofixation electrophoresis. Clin Chem Lab Med.
2011;50(3):489–95.

23. Tate JR, Mollee P, Dimeski G, Carter AC, Gill D. Analytical performance of
serum free light-chain assay during monitoring of patients with monoclonal
light-chain diseases. Clin Chim Acta. 2007;376(1–2):30–6.

24. Briand PY, Decaux O, Caillon H, Grosbois B, Le Treut A, Guenet L. Analytical
performance of the serum free light chain assay. Clin Chem Lab Med.
2010;48(1):73–9.

25. Tate J, Bazeley S, Sykes S, Mollee P. Quantitative serum free light chain
assay-analytical issues. Clin Biochem Rev. 2009;30(3):131–40.

26. Berggard I, Peterson PA. Polymeric forms of free normal κ and λ chains of
human immunoglobulins. J Biol Chem. 1969;244(16):4299–307.

27. Johnsen KB, Gudbergsson JM, Skov MN, Pilgaard L, Moos T, Duroux M. A
comprehensive overview of exosomes as drug delivery vehicles - endogenous
nanocarriers for targeted cancer therapy. Biochim Biophys Acta.
2014;1846(1):75–87.

28. Beauvais DM, Rapraeger AC. Syndecans in tumor cell adhesion and
signaling. Reprod Biol Endocrinol. 2004;2:3.

29. Bass MD, Morgan MR, Humphries MJ. Syndecans shed their reputation as
inert molecules. Sci Signal. 2009;2(64):18.

30. Hayashida K, Bartlett AH, Chen Y, Park PW. Molecular and cellular
mechanisms of ectodomain shedding. Anat Rec (Hoboken).
2010;293(6):925–37.
31. Choi S, Lee H, Choi JR, Oh ES. Shedding; towards a new paradigm of
syndecan function in cancer. BMB Rep. 2010;43(5):305–10.

32. Manon-Jensen T, Itoh Y, Couchman JR. Proteoglycans in health and disease:
the multiple roles of syndecan shedding. FEBS J. 2010;277(19):3876–89.

33. Joensuu H, Anttonen A, Eriksson M, Makitaro R, Alfthan H, Kinnula V, et al.
Soluble syndecan-1 and serum basic fibroblast growth factor are new prognostic
factors in lung cancer. Cancer Res. 2002;62:5210–7.

34. Vassilakopoulos TP, Kyrtsonis MC, Papadogiannis A, Nadali G, Angelopoulou
MK, Tzenou T, et al. Serum levels of soluble syndecan-1 in Hodgkin’s lymphoma.
Anticancer Res. 2005;25:4743–6.

35. Dhodapkar MV, Kelly T, Theus A, Athota AB, Barlogie B, Sanderson RD.
Elevated levels of shed syndecan-1 correlate with tumour mass and
decreased matrix metalloproteinase-9 activity in the serum of patients with
multiple myeloma. Br J Haematol. 1997;99:368–71.

36. Ramani VC, Purushothaman A, Stewart MD, Thompson CA, Vlodavsky I, Au JL,
et al. The heparanase/syndecan-1 axis in cancer: mechanisms and therapies.
FEBS J. 2013;280(10):2294–306.

37. Kazarin O, Ilan N, Naroditzky I, Ben-Itzhak O, Vlodavsky I, Bar-Sela G. Expression
of heparanase in soft tissue sarcomas of adults. J Exp Clin Cancer Res.
2014;33:39.

38. Dhodapkar MV, Abe E, Theus A, Lacy M, Langford JK, Barlogie B, et al.
Syndecan-1 is a multifunctional regulator of myeloma pathobiology: control
of tumor cell survival, growth, and bone cell differentiation. Blood.
1998;91(8):2679–88.

39. Schaar CG, Vermeer HJ, Wijermans PW, Huisman W, le Cessie S,
Kluin-Nelemans HC. Serum syndecan-1 in patients with newly diagnosed
monoclonal proteinemia. Haematologica. 2005;90(10):1437–8.

40. Bayer-Garner IB, Sanderson RD, Dhodapkar MV, Owens RB, Wilson CS.
Syndecan-1 (CD138) immunoreactivity in bone marrow biopsies of multiple
myeloma: shed syndecan-1 accumulates in fibrotic regions. Mod Pathol.
2001;14(10):1052–8.

41. Purushothaman A, Hurst DR, Pisano C, Mizumoto S, Sugahara K, Sanderson RD.
Heparanase-mediated loss of nuclear syndecan-1 enhances histone
acetyltransferase (HAT) activity to promote expression of genes that drive an
aggressive tumor phenotype. J Biol Chem. 2011;286(35):30377–83.

42. Ramani VC, Yang Y, Ren Y, Nan L, Sanderson RD. Heparanase plays a dual
role in driving hepatocyte growth factor (HGF) signaling by enhancing HGF
expression and activity. J Biol Chem. 2011;286(8):6490–9.

43. Seidel C, Sundan A, Hjorth M, Turesson I, Dahl IM, Abildgaard N, et al.
Serum syndecan-1: a new independent prognostic marker in multiple
myeloma. Blood. 2000;95(2):388–92.

44. Maisnar V, Tousková M, Tichý M, Krejsek J, Chrobák L, et al. The significance
of soluble CD138 in diagnosis of monoclonal gammopathies. Neoplasma.
2006;53(1):26–9.

45. Lovell R, Dunn JA, Begum G, Barth NJ, Plant T, Moss PA, et al. Working Party
on Leukaemia in Adults of the National Cancer Research Institute
Haematological Oncology Clinical Studies Group. Soluble syndecan-1 level
at diagnosis is an independent prognostic factor in multiple myeloma and
the extent of fall from diagnosis to plateau predicts for overall survival. Br J
Haematol. 2005;130(4):542–8.

46. Dawson MA, Patil S, Spencer A. Extramedullary relapse of multiple myeloma
associated with a shift in secretion from intact immunoglobulin to light
chains. Haematologica. 2007;92(1):143–4.

47. Raanani P, Shpilberg O, Ben-Bassat I. Extramedullary disease and targeted
therapies for hematological malignancies–is the association real? Ann Oncol.
2007;18(1):7–12.

48. Balleari E, Ghio R, Falcone A, Musto P. Possible multiple myeloma
dedifferentiation following thalidomide therapy: a report of four cases. Leuk
Lymphoma. 2004;45(4):735–8.

49. Christianson HC, Svensson KJ, van Kuppevelt TH, Li JP, Belting M. Cancer cell
exosomes depend on cell-surface heparan sulfate proteoglycans for
their internalization and functional activity. Proc Natl Acad Sci U S A.
2013;110(43):17380–5.

50. Thompson CA, Purushothaman A, Ramani VC, Vlodavsky I, Sanderson RD.
Heparanase regulates secretion, composition, and function of tumor
cell-derived exosomes. J Biol Chem. 2013;288(14):10093–9.

51. Di Noto G, Paolini L, Zendrini A, Radeghieri A, Caimi L, Ricotta D. C-src
enriched serum microvesicles are generated in malignant plasma cell
dyscrasia. PLoS One. 2013;8(8):70811.

52. Mitsiades CS, Mitsiades NS, Munshi NC, Richardson PG, Anderson KC. The
role of the bone microenvironment in the pathophysiology and therapeutic



Cigliana et al. Journal of Experimental & Clinical Cancer Research  (2015) 34:37 Page 10 of 10
management of multiple myeloma: interplay of growth factors, their
receptors and stromal interactions. Eur J Cancer. 2006;42(11):1564–73.

53. Lee TH, D'Asti E, Magnus N, Al-Nedawi K, Meehan B, Rak J. Microvesicles as
mediators of intercellular communication in cancer–the emerging science
of cellular ‘debris’. Semin Immunopathol. 2011;33(5):455–67.

54. Ramani VC, Sanderson RD. Chemotherapy stimulates syndecan-1 shedding:
a potentially negative effect of treatment that may promote tumor relapse.
Matrix Biol. 2014;35:215–22.

55. Merlini G. Serum-free light chain analysis: works in progress. Clin Chem Lab
Med. 2009;47:1021–2.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods
	Results
	Conclusions

	Introduction
	Materials and methods
	Patients
	Quantification of CD138s and FLCs
	CD138s quantification assay
	FLCs evaluation

	Statistical analysis

	Results
	Discussion
	Conclusion
	Competing interests
	Authors’ contributions
	Funding source
	Author details
	References



